Background {#Sec1}
==========

The anti-programmed cell death protein 1 (PD-1) antibodies nivolumab and pembrolizumab are immune checkpoint inhibitors (ICIs) that activate the anti-tumour cytotoxic activity of T cells by inhibiting the binding of the PD-1 receptor and programmed cell death protein ligand 1 (PD-L1). They are currently used for the treatment of a wide range of cancers \[[@CR1]\]. However, the overall response rate is low \[[@CR2], [@CR3]\], PD-1 and PD-L1 signaling disruption by ICIs regenerates T-cell-mediated anti tumor immunity, producing durable anticancer effects in a subset of patients.

Their associated adverse events are also unique and are termed as immune-related adverse events (irAEs), which are different from the events observed in patients treated with conventional anti-tumour agents. In some cases, irAEs are serious and can even result in death \[[@CR4]\]. irAEs attracted attention soon after the approval of ICIs, and since then, several reports have been published \[[@CR5]--[@CR7]\]. Although symptoms such as type 1 diabetes mellitus and severe diarrhoea had attracted attention, recent reports have indicated that the onset of irAEs contributes to the prognosis of patients \[[@CR8]--[@CR13]\]. However, many of the reports describe studies on malignant melanoma and lung cancer, for which ICIs were used ahead of the use for other cancers. The sample sizes in the reports on malignant melanoma are small, and only small-scale studies have been reported on lung cancer. In the present study that involved a larger number of patients treated with anti-PD-1 antibodies for a wide range of cancers, we retrospectively investigated irAEs and therapeutic effects and determined whether the onset of irAEs could be predicted.

Methods {#Sec2}
=======

Study approval {#Sec3}
--------------

The present study was reviewed and approved by the Ethics Committee of Fujita Health University (HM19--209). Informed consent was obtained from the eligible patients by an opt-out procedure. Using electronic medical records, we retrospectively evaluated patient characteristics (i.e. age, sex and Eastern Cooperative Oncology Group (ECOG) Performance Status (PS)), pre-treatment blood test data, presence or absence of irAE onset, the timing of irAE onset, the severity of irAEs, progression-free survival (PFS), overall survival (OS) and objective response to treatment.

Patient characteristics {#Sec4}
-----------------------

The patients were divided into two groups: the irAE group and the non-irAE group. Side effects with a high probability of having an underlying immunological basis, as documented by the treating provider and warranting frequent monitoring or potential intervention, were labeled as irAE.To determine the association of irAEs with the patient characteristics and pre-treatment test data, the survival times of the patients in these groups were compared. Moreover, the treatment and outcomes after the onset of irAEs, as well as differences among cancer types, were examined.

Treatment and assessment {#Sec5}
------------------------

Nivolumab was administered via an intravenous infusion at a dose of 3 mg/kg every 2 weeks until August 2018 and after then, at a dose of 240 mg/bodyweight every 2 week according to recommended dosage changed. Pembrolizumab was administered at a dose of 200 mg/bodyweight every 3 weeks.Both drugs were administered until disease progression or the onset of uncontrollable adverse events. Adverse events were assessed according to the National Cancer Institute-Common Toxicity Criteria (NCI-CTC) version 4.03. Clinical response to treatment was categorized as either complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD) according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Although the timing of computed tomography analysis varied among cancer types, it was generally performed every 6--10 weeks. The baseline was adopted at the start point of ICI treatment. The measurable lesions were evaluated by the criteria of RECIST. Images of best response during the entire treatment period was used for this evaluation. Unsuitable for evaluation (e.g. loss of CT date or poorly timed examination) were clinically evaluated by corresponding clinician, we adopted the radiologist's report and the doctor's record for evaluation. Otherwise, the investigator made a discussion directly with the doctor to evaluate the clinical effect. The best overall response rates (ORR) were based on combining CR and PR disease response, DCR was based on combining CR,PR and SD disease response.

PFS was defined as the time from the start of immunotherapy to the date of disease progression or death, whichever occurred first. Patients who were alive without disease progression were censored on the date of last scan. OS was defined as the time from the start of immunotherapy to death Patients who were still alive were censored at the date of the last contact. Survival analysis was performed in November 2019, 8 months after the final enrollment of eligible patients.

Statistical analysis {#Sec6}
--------------------

To compare the two groups, a t-test was performed for normally distributed data, and Mann--Whitney U and chi-square tests were performed for the other data. PFS and OS were compared using the Kaplan--Meier method and the log-rank test. The objective response rate (ORR) was defined as the best response after the initiation of the anti-PD-1 antibody therapy. The analysis software used was SPSS. In all analyses, a *P*-value of \< 0.05 was considered to indicate a significant difference.

Results {#Sec7}
=======

Patient characteristics {#Sec8}
-----------------------

Anti-PD-1 antibody therapy was administered to 280 patients with advanced cancer. The median age at the time of treatment was 67.5 (22--88) years, and the male-to-female ratio was 3:1. There were 59 patients with gastric cancer, 129 with lung cancer, 27 with renal cancer, 26 with head and neck cancer, 13 with malignant melanoma, two with Hodgkin's lymphoma, four with malignant pleural mesothelioma, 13 with bladder cancer and seven with ureteral cancer. Nivolumab was used in 179 patients and pembrolizumab was used in 101. Nivolumab was administrated as the first line in 8 patients of malignant melanoma and 1 patient of renal cancer combined with nivolumab + ipilimumab. Pembrolizumab was given 27 patients of lung cancer as the first line treatment. All Hodgkin lymphoma patients were recurrent cases.

Onset of irAEs {#Sec9}
--------------

irAEs occurred in 115 patients (41.1%), and grade 3 and 4 irAEs occurred in eight patients (2.8%). The most common irAE was skin disorders (20.7%), many of which were a rash accompanied by pruritus. The second most common irAE was thyroid disorders (10.7%), which showed patterns of acute thyroiditis and hypothyroidism. Furthermore, interstitial pneumonitis was observed in 9.6% of the patients, many of which had lung cancer or head and neck cancer. Table [1](#Tab1){ref-type="table"} shows the patient characteristics according to patients with and without irAEs, and Table [2](#Tab2){ref-type="table"} summarises irAE symptoms. Based on consensus guidelines of American Society of Clinical Oncology \[[@CR14]\], low grade irAE were discontinuation of ICI and follow-up, and grade 2 or higher adverse events used steroids. In addition, treatment was performed in multiple occupations by the intervention of specialists such as endocrinology and neurology. Only 1 patient used infliximab. Table 1Characteristics of patients with and without irAEwith irAE(*n* = 115)without irAE(*n* = 165)*p* valueAge median (range)69.7 (43--88)66.0 (22--87)0.2Sex (male/female)90/25119/460.25ECOG PS, 0/1/\> 269/42/4101/58/6preexisting autoimmune disease10140.26past regimen line (%) 1st27 (23.5)24 (14.5) 2nd43 (37.4)47 (28.5) 3rd30 (26.1)62 (37.6) 4th^\~^15 (13.0)32 (19.4)origin number (%) gastric15 (13)44 (26.7)*p* = 0.03 lung68 (59.1)61 (36.9) RCC, urothelial and bladder cancer19 (16.5)28 (17) malignant melanoma5 (4.3)8 (4.8) head and neck7 (6.1)19 (11.5) reccurent Hodgikin lymphoma1 (0.9)1 (0.6) malignant pleural mesothelioma0 (0)4 (2.4)Best Response (number) CR11 PR3720 SD4544 PD3298 ORR(%)3312.7\< 0.001 DCR(%)72.238.2\< 0.001Abbreviations: *CR* complete response, *PR* partial response, *SD* stable disease, *PD* progressive disease, *ORR* objective response rate, *DCR* disease control rate, *RCC* renal cell carcinomaTable 2iAE according to category and gradeCategoryTotal%G1--2G3\<No, of irAE patients11541.1irAE cases (total)1451378Skin5820.7562 rash4415.7 itching4315.4 vitiligo31.1 erythema124.3 herpes zoster20.7Gastrointestinal62.160 diarrhea31.1 stomatitis31.1Thyroid3010.7300 thyroiditis124.3 hypothyroidism269.3Hepatobiliary82.971Renal dysfunction41.440Pneumonitis279.6243Others pituitary20.711 dabetes mellitus31.130 myositis10.410 ophthalmitis10.411 encephalitis10.410 hypoacusis10.410 amnesia10.410 neuropachy20.720

Therapeutic effects according to the onset of irAEs {#Sec10}
---------------------------------------------------

The median age of patients was 69.7 (43--88) in the irAE group and 66.0 (22--87) in the non-irAE group, and the patients in the irAE group were significantly older (Table [1](#Tab1){ref-type="table"}, *P* = 0.024). The ORR was significantly higher in the irAE group (33.0%) than in the non-irAE group (12.7%; *P* \< 0.001). The DCRwas higher in the irAE group (72.2%) than in the non-irAE group (38.2%; *P* \< 0.001). The median OS was 48.7 months in the irAE group and 10.7 months in the non-irAE group (*P* \< 0.01). The prognosis was significantly extended in the irAE group. The median PFS was significantly longer in the irAE group (17.6 months) than in the non-irAE group (3.0 months, *p* \< 0.01; Fig. [1](#Fig1){ref-type="fig"}). Fig. 1Kaplan-Meier survival curve of overall survival (OS) and progression free survival (PFS). OS and PFS following anti PD-1 antibody treatment in with irAE group(*N* = 115) and without irAE group (*N* = 165)

Prediction of the onset of irAEs {#Sec11}
--------------------------------

Table [3](#Tab3){ref-type="table"} summarises the results of pre-treatment blood tests according to the presence or absence of irAEs. Although no significant difference was observed in the levels of rheumatoid factors with respect to the overall incidence of irAEs, the levels were higher in the irAE group (*P* = 0.08). In addition, the lactate dehydrogenase (LDH) levels were significantly lower in the irAE group (*P* = 0.02). Table 3Relationship between preexisting bood examination and irAEirAE(−)irAE(+)*p* valueKL-6 n139870.7 U/mL269 (182--458)289 (196--424)ANA n131840.87 positive rate(%)38.260.7TgAb n124750.22 IU/mL0.9 (0.9--0.9)0.9 (0.9--5.6)RF n115800.08 positive rate(%)12.221.3anti AChR n118670.53 positive rate(%)6.84.5TSH n1501040.79 μU/mL1.93 (0.95--3.09)1.81 (1.08--3.28)FT3 n1471030.09 pg/mL2.33 ± 0.512.44 ± 0.48FT4 n1491040.34 ng/dL1.06 (0.96--1.22)1.06 (0.94--1.18)ACTH n114660.95 pg/mL27.7 (18.7--47.9)30.8 (16.7--45.3)antiTPOA n111600.53 U/L11.0 (9.0--12.0)11.0 (9.0--13.0)AST n1621151.49 U/L21.0 (16.0--28.8)21.0 (17.0--28.0)ALT n1631150.51 U/L14.0 (10.0--23.5)15.0 (11.0--23.5)LDH n1601090.02 U/L213.5 (177.5--282.5)198.0 (168.0--236.0)Alb n1561110.2 g/dL3.6 (3.1--3.9)3.7 (3.2--4.0)CRP n1621100.91 mg/dL0.52 (0.11--2.27)0.46 (0.17--1.86)Abbreviations: *ANA* antinuclear antibody, *RF* rheumatoid factor, *TgAb* thyroglobrin antibody, *Ach* Acetylcholine, *TPO* thyroid peroxydase

When irAEs were separately evaluated according to damaged organs, many patients with thyroid disorders had low levels of thyroid-stimulating hormones (TSHs) and free thyroxine (*P* = 0.02, both). Furthermore, the proportion of patients with high thyroglobulin antibody levels was higher in the irAE group (*P* = 0.05; Table [4](#Tab4){ref-type="table"}). Table 4Relationship between irAE category and preexisting bood examinationpositivenegative*p* valueSkin Toxicity anti Tg Ab0.9 (0.9--11.0)0.9 (0.9--0.9)0.06 number37162 antiTPOAb11.0 (8.0--12.0)11.0 (9.0--13.0)0.31 n31142Thyroidtoxicity anti Tg Ab0.9 (0.9--11.0)0.9 (0.9--0.9)0.05 n24175 antiTPOAb11.0 (8.8--13.3)11.0 (9.0--12.5)0.55 n16155 TSH2.40 (1.37--3.97)1.51 (0.92--2.60)0.02 n33200 FreeT32.37 ± 0.542.37 ± 0.500.79 n33217 FreeT40.98 (0.89--1.13)1.06 (0.95--1.16)0.02 n33200Pneumonitis KL6274.5 (183.5--341.5)283.0 (186.0--455.5)0.568 n22200

The incidence of irAEs was also compared among different cancer types. irAEs occurred in 65 patients with lung cancer (51.1%), and the incidence rate was significantly higher than in those with other cancer types (31.7%) (*P* \< 0.001). In contrast, irAEs occurred in 15 patients with gastric cancer (25.4%), and the incidence rate was significantly lower than in patients with other cancer types (45.2%) (*P* \< 0.01). When irAE symptoms were compared among cancer types, interstitial pneumonia occurred more frequently in patients with lung cancer, but no significant difference was observed between lung cancer and other cancer types. The incidence of liver disorders was higher in patients with gastric cancer than in those with lung cancer (*P* = 0.04). The observed grade 3 and higher adverse events were pneumonia, liver disorder, encephalitis and skin disorders. Although all patients with these adverse events had been hospitalised and treated with steroids, those with pneumonia and encephalitis subsequently died. Table [5](#Tab5){ref-type="table"} shows the outcomes of patients with high-grade adverse events. Of the 115 patients with grade 1 and 2 irAEs, 88 (76.5%) had discontinued ICI therapy and were treated with topical steroids and oral anti-histamines. ICI therapy was subsequently resumed and continued. Table 5Treatment outcome of severe irAE patientsorganirAE detailgradeorigintime to last ICITime to first ICItreatmentoutcomereteatmentcomplicationpreexisting antibodyskinwhole body prurigo3lung2169steroid po&ointmentremissiontrynoneRFskinwhole body prurigo3lung1212steroid po,ointment &ivremissionstopnoneTgAb,TPO,RF, ANALiverelevated liver enzyms3renal2121steroid poremissionPDnoneANApneumonitisinterstitial pneumonia4lung33systemic pulse steroiddeathstopdyalisis, lymphangitisANApneumonitisinterstitial pneumonia4gastric16140systemic pulse steroiddeathPDnonepneumonitisinterstitial pneumonia3lung731systemic pulse steroidPDnoneCNSconvulsion5malignant melanoma1743systemic pulse steroiddeathstopbrain meta RTxthyroidhyposthenia3gastric1068steroid poremissiontrynoneANAAbbreviations: *CNS* Central Nervous System

Discussion {#Sec12}
==========

ICIs have been reported to be effective in treating various types of cancers. Although this provides great hope for patients, the response rates are low. Thus, studies are being conducted to identify biomarkers that can be used to predict therapeutic effects \[[@CR15], [@CR16]\]. Although PD-L1 is used clinically in patients with lung cancer, its effects have not been reproduced in other types of cancers. Recent studies have suggested that tumour mutation burden and microsatellite instability-high (MSI-H) can be used as biomarkers to predict the therapeutic effects. However, they are far from being established as biomarkers for some types of cancers. In recent years, several reports have indicated that the onset of irAEs is associated with the therapeutic effects in lung cancer, malignant melanoma and gastric cancer. However, these reports are based on small cohort studies with a dozen of patients because ICIs are infrequently used. In the present large-scale study involving 280 patients, we evaluated the association between irAEs and therapeutic effects, searched for predictive factors for the onset of irAEs and examined whether irAE profiles differ among cancer types. In this study, the overall incidence of treatment-associated adverse events was 41.1%, which was comparable with the previously reported incidence \[[@CR5], [@CR8], [@CR9], [@CR12]\]. The most common adverse events were skin disorders. In particular, a rash accompanied by dry skin and pruritus was frequently observed. However, grade 3 and higher skin disorders were observed in only two patients. In terms of severity, many patients with skin disorders could be treated with moisturising agents, oral anti-histamines and topical steroids. The skin disorders were not associated with eosinophil or lymphocyte counts. The second most common irAE was thyroid disorders. Thyroid disorders appeared in two patterns. In one pattern, the thyroid function was transiently enhanced by acute thyroiditis, followed by hypothyroidism. In the other pattern, hypothyroidism was detected in regular blood tests. Peiro et al. also reported similar findings \[[@CR17]\]. Although Toi et al. \[[@CR18], [@CR19]\] and Maekura et al. \[[@CR20]\] reported that thyroid peroxidase (TPO) antibody and thyroglobulin antibody (TgAb) levels before ICI therapy were predictive factors for the development of hypothyroidism, whereas our study showed no association with TPO antibody levels but suggested an association with TgAb levels (*P* = 0.05). Meanwhile, a high TSH level before treatment appeared to be a possible predictive factor for the development of hypothyroidism. Interstitial pneumonia occurred in approximately 7.3% of all patients and 3.4% of patients with gastric cancer, and its incidence tended to be even higher in patients with head and neck cancer and lung cancer. This higher incidence rate appeared to be associated with respiratory symptoms and ease of accidental ingestion. Hori et al. \[[@CR21]\] also reported that skin disorders and pneumonia accounted for approximately 17.8% of adverse events in patients treated for head and neck cancer, which is consistent with our findings. The observed serious adverse events of grade 3 and higher were pneumonia, encephalitis, liver disorder and skin disorders. All patients with these serious adverse events were hospitalised and treated with steroids. Among them, two patients with pneumonia did not respond to pulse therapy and died. Regarding therapeutic effects, the ORR was significantly higher in the irAE group, and this was reproducible in a larger number of patients with either gastric or lung cancer. In addition, similar results were obtained for OS and PFS. Masuda et al. \[[@CR12]\]., who examined patients with gastric cancer, reported that PFS was extended by ICI therapy, which is consistent with our study. Also Masuda et al. \[[@CR12]\] reported in this paper, according to the waterfall plot showing tumour regression rates, all patients with a high rate had developed irAEs. Because significant differences were observed all in ORR, PFS and OS, pre-treatment tests themselves that allow the prediction of irAE onset may be possible biomarkers. In the present study, the comparison between patients with and without irAEs showed a significant difference only in LDH levels. By disorder, hypothyroidism was associated with high TSH and TgAb levels. This suggested that, in patients who already have hypothyroidism before ICI therapy, regardless of being symptomatic or asymptomatic, the probability of exacerbation after therapy could be estimated. Interstitial pneumonia was not associated with Krebs von den Lungen-6 (KL-6) levels at all. However, in some patients with pneumonia, KL-6 levels that were elevated after the onset of pneumonia were decreased following the treatment of pneumonitis, which suggested that KL-6 levels might be meaningful for the purpose of evaluating therapeutic effects. Identifying biomarkers for predicting the onset of irAEs is an issue that should be addressed in future studies \[[@CR22]\]. Even among patients with irAEs, many of them resumed ICI therapy after treatment of these irAEs. It appeared that the continuation of ICI therapy, along with early detection and adequate control of irAEs, might contribute to the improved prognosis of patients.

The present study is a retrospective study, including patients with different treatment backgrounds; thus, it contains several confounding factors, which is a limitation. A larger scale prospective study, in addition to a search for biomarkers for predicting the onset of irAEs, should be conducted in the future.

Conclusion {#Sec13}
==========

Although the onset of irAEs was difficult to be predicted based on pre-treatment tests. It appeared that the continuation of ICI therapy, along with early detection and adequate control of irAEs, might contribute to the improved prognosis of patients.
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:   Immune checkpoint inhibitor
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